We assessed the efficacy and tolerability of the augmentation of antidepressants (ATDs) with atypical antipsychotics (AAPs) to treat patients with major depressive disorder. A retrograde study to identify relevant patient data included databases of PubMed, EMBASE, Cochrane Central Register of Controlled Trials, and Database of Abstracts of Reviews of Effects. Data from 17 trials, involving 3807 participants, were identified. The remission rate (RR) and overall response rate (ORR) of adjunctive treatment with AAPs were significantly higher than placebo treatment: RR=1.90 (95%CI=1.61-2.23, z=7.74, P,0.00001) and ORR=1.68 (95%CI=1.45-1.94, z=7.07, P,0.00001). We found that the short-term (4 weeks) treatment [ORR=1.70 (95%CI=0.98-2.95, Z=1.89, P=0.06)] was significantly different from the long-term (6-12 weeks) treatment [ORR=1.68 (95%CI=1.45-1.94, z=7.07, P,0.00001)]. No significant difference in ORR was observed between groups with or without sedative drugs. The discontinuation rate due to adverse effects was higher for adjunctive treatment with AAPs: z=6.78, P,0.00001). These results demonstrate that the augmentation of ATDs with AAPs (olanzapine, quetiapine, aripiprazole, and risperidone) was more effective than a placebo in improving response and remission rates, although associated with a higher discontinuation rate due to adverse effects.
Introduction
The complicated symptoms associated with depression affect about 16% of the total human population during their lifetime (1). Specifically, major depressive disorder (MDD) is believed to be one of the major factors contributing to disability-adjusted life years (2) . The ultimate treatment for patients with MDD is designed to not only reduce symptoms but also help patients reach and sustain remission, essential for reducing relapse and improving life quality (3) (4) (5) . Although a variety of antidepressants (ATDs) are available commercially, remission is difficult to achieve for many patients with MDD as conventional ATDs only achieve remission rates from 30 to 40% (6, 7) .
Although conventional antipsychotics are supposed to be beneficial for MDD patients, they are not effective in relieving at least two key symptoms: loss of interest and psychomotor retardation (8) . Since the application of risperidone augmentation to selective serotonin reuptake inhibitors (SSRIs) in patients with treatment-resistant depression was reported in 1999 (9) , more attention has turned to atypical anti-psychotics (AAPs). Subsequently, meta-analyses showed that AAPs, augmented to ATDs for MDD patients, produced not only higher response rates but also higher remission rates (10, 11) . Since then, new clinical trial data have emerged, including MDD subjects with inadequate response to prior ATDs randomized to adjunctive treatment with aripiprazole (12) (13) (14) , and especially emphasizing the short-term outcomes of AAP treatment (13, 14) . Thus, a new meta-analysis is needed in order to further optimize the treatment for patients with MDD.
The present meta-analysis of more than 3000 MDD patients compared the remission rate, overall response rate (ORR) and discontinuation rate between AAP-treated patients and placebo-control patients. Furthermore, we compared the long-term and short-term outcomes among patients treated with AAPs, and examined whether the response rates to AAPs would be affected by sedative drugs (lorazepam, benzodiazepine and hypnotics). Overall, the purpose of this study was to evaluate the efficacy of the adjunctive strategy to treat patients with severe depression.
Material and Methods

Data search
We included all randomized, double-blind clinical trials, which compared AAP-adjunctive treatment to SSRIs/selective norepinephrine reuptake inhibitors (SNRIs) and SSRIs/ SNRIs only. Well-designed crossover-design trials were also considered. Databases included PubMed (1966-July 2012), EMBASE (1980-June 2012), CCRCT (Cochrane Central Register of Controlled Trials; to July 2012), and DARE (Database of Abstracts of Reviews of Effects; to July 2012). Reference lists of identified studies were further examined to reveal additional citations. Related conferences, annual meetings and online resources were also searched. Search terms included ''olanzapine'', ''aripiprazole'', ''risperidone'', ''quetiapine'', ''major depressive disorder'' and ''randomized controlled trial''. The search was restricted to Englishlanguage publications. The controls were placebo treatments. Detailed data including efficacy, tolerability, remission rate, response rate, and discontinuation rate due to adverse effects were carefully examined. Open-labeled trials and those with insufficient information were excluded.
Patients
The inclusion criteria for patients were: a) outpatients or inpatients aged from 18 to 65 years, b) fitting the diagnostic standard of MDD according to the Diagnosis and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) or text revision (DSM-IV TR) diagnosis of MDD, c) single episode or recurrent MDD.
Subjects with one of the following items were excluded from the study: a) current or past diagnosis of schizophrenia, schizoaffective disorder, bipolar I disorder, or bipolar II disorder, b) post-traumatic stress disorder, c) MDD with seasonal pattern, or dissociative disorders (as defined in DSM-IV), d) female patients who were pregnant or nursing, e) borderline personality disorder, f) depression with psychotic feature, g) alcohol or substance abuse.
Data selection and extraction
Two independent researchers conducted the reviews on the identified abstracts. Trials were included if both reviewers concurred that the studies met the inclusion criteria. The numbers of patients who responded, remitted, or dropped out during the randomized phase due to adverse effects as well as the numbers of patients assigned to each treatment group were collected. If the Montgomery-Asberg Depression Rating Scale (MADRS) showed scores #8 or between 10 and 12, data were extracted according to the main measurements.
Outcome measurement
Remission rate and overall response rate were used to assess the efficacy of AAP-adjunctive treatments. The remission scale included MADRS and the 17-item Hamilton Rating Scale for Depression (HRSD-17) (15, 16) . Remission rate was defined according to the primary trials on the MADRS rating scale. As for the HRSD-17 rating scale, a total score of #7 was defined as remission. Response was defined as a 50% decrease on the MADRS score from baseline to the end of study or as a 50% decrease in the HRSD-17 total score to the end of study. The discontinuation rate due to adverse effects was used to assess the safety of AAPs for MDD patients. Number needed to treat (NNT) or number needed to harm (NNH) tests (defined as the inverse of the attributable risk) were conducted to assess safety (17) .
Sensitivity analysis and bias assessment
Sensitivity analysis was performed to assess the heterogeneity between subgroups in the situation of excluding small sample trials or non-randomized designed trials. According to the bias assessment of the Cochrane Handbook for Systematic Reviews of Interventions (Version 5.10), reviewers assessed the risk of bias for each eligible trial. Detailed blindness, randomization and treatment agents were presented according to the primary trials.
Statistical analysis
Statistical analysis was conducted using the SPSS 10.0 software (USA). Overall effects are reported as pooled ORRs with 95%CI and a statistically significant level of 5% (P,0.05) (two-tailed) was used. Publication bias was assessed using funnel plots. Heterogeneity was evaluated by the chi-square test, with statistical significance set at P,0.1, and the degree of heterogeneity was measured by I 2 . A value of I 2 greater than 50% was considered to be statistically significant in terms of heterogeneity. During the data analysis, we gave priority to the OR model. If heterogeneity was detected, we turned to relative risk as an effective measure. The RevMan Version 5.1 (The Nordic Cochrane Centre, The Cochrane Collaboration, 2011, Denmark) software was applied to process these data. Attributable risk (AR), NNT, NNH, and 95%CIs were calculated according to previous studies (18, 19) .
Results
Search results
The flow chart of the literature search is outlined in Figure 1 . There were 17 non-duplicated trials that met our inclusion criteria (12) (13) (14) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) . There was a total of 3807 participants and there were four trials on olanzapine, three on risperidone, five on quetiapine, and five on aripiprazole. No qualified reports on other AAPs such as amisulpride and clozapine were identified by manual research. Of the 17 trials, there was one trial for non-resistant depression (14) , and another 16 trials were for refractory or treatmentresistant MDD. There was one trial including two identically designed studies (29) . Table S1 outlines the baseline demographic data and other key information about the included trials. Figure 2 presents the summary of the risk of bias of the enrolled trials. Figure 3 presents the remission rate between adjunctive groups and placebo groups for different types of AAPs. ORRs for different AAPs varied from 1.78 to 2.63, with substantial overlap among 95%CI. The ORR for overall remission was 1.90 (95%CI=1.61-2.23), with statistical significance of Z=7.74, P,0.00001. The overall remission rate was 32.6% (676/2074) for adjunctive groups compared with 18.2% (297/1637) for placebo groups. The AR for remission was 0.145, indicating an Figure 4 Response rate in short-/long-term duration Figure 5 presents the response rate in short-/long-term duration. The ORR for the short-term (4-week duration) treatment subgroup was 1.70 (95%CI=0.98-2.95), showing no overall statistically significant effect (z=1.89, P 0.06). However, with long-term (6-, 8-, 12-week duration) treatment subgroups, the OR was 1.68 (95%CI=1.45-1.94), showing an overall statistically significant effect (P,0.00001). The test for subgroup differences indicated no significant differences: chi Response rate in adjunctive treatment with or without sedative Figure 6 presents the response rate of AAPs with or without sedative. The ORR for the AAPs with sedative drugs (lorazepam, benzodiazepine and hypnotics) was Figure 5 . Meta-analysis of response rates in short-/long-term adjunctive treatment of atypical antipsychotics in major depressive disorder. Odds ratios for response to drug and placebo are grouped by short-term (4 weeks) or long-term (longer than 4 weeks) treatment duration. Thase et al. (29) contains two identical trials. All trials were included in this subgroup analysis.
Remission rate
Response rate
1.61 (95%CI=1.35-1.92, P,0.00001), while ORR for the AAPs without sedative drugs was 1.71 (95%CI=1.32-2.21, P,0.0001), with substantial overlap among the 95%CI. There were no significant differences: chi 2 =0.14, d.f.=1, P=0.70, I 2 =0%.
Discontinuation rate due to adverse effect Figure 7 presents the discontinuation rate due to adverse effects for four subgroups. The ORRs for subgroups of AAPs varied from 1.55 (95%CI=0.63-3.83) to 4.85 (95%CI=2.52-9.34), with substantial variation among the different agents. The ORR for discontinuation rate was 3.32 (95%CI=2. 35-4.70) , with statistical significance of P,0.00001. The overall discontinuation rate was 9.1% (194/2127) for AAPs groups, compared with 2.6% (43/1680) for placebo groups. The AR for the discontinuation rate due to adverse effects was 0.07, indicating an NNH of [16] [17] [18] [19] [20] . A test for subgroup differences showed no statistically significant differences: chi 
Publication bias and sensitivity analysis
Funnel plots of the odds ratios for remission rate and response rate were nearly symmetric (Figure 8 ), while the funnel plot for the discontinuation rate appeared a little asymmetric (Figure 9 ). Sensitivity analysis, conducted on four excluded trials (two due to small sample size, one because of non-resistant MDD and another for crossover-design), Figure 6 . Meta-analysis of response rate in adjunctive treatment with or without sedatives. Odds ratios for response are grouped by with/without adjunctive treatment with sedative drugs, such as benzodiazepine, lorazepam, hypnotics. Fourteen trials were included in this subgroup analysis.
showed similar results: remission OR=1.91 (95%CI= 1.62-2.26, P,0.00001), response OR=1.66 (95%CI= 1.43-1.93, P,0.00001), and discontinuation rate due to adverse effects: OR=3.67 (95%CI=2.54-5.31, P,0.00001).
Discussion
As illustrated in this large-scale, randomized, doubleblind meta-analysis, the augmentation of AAPs to ATDs in MDD patients led to a higher overall remission rate as well Figure 7 . Meta-analysis of discontinuation rate due to adverse effect of adjunctive atypical antipsychotics in major depressive disorder. Odds ratios for discontinuation due to adverse effects to drug and placebo are grouped by different atypical antipsychotics. Thase et al. (29) contains two identical trials; we combined them to analyze discontinuation rate. All trials were included in this subgroup analysis.
as a higher overall response rate in the adjunctive group than in the placebo group, suggesting that patients achieved greater symptom and functional improvements in the adjunctive group than in the placebo group. In terms of remission rate, the four subgroups showed greater statistical significance in the adjunctive treatment group than in the placebo group. In addition, ORs varied little between aripiprazole, risperidone, quetiapine, and olanzapine and tests on the subgroups showed no significant difference, suggesting little difference among the four AAPs. However, a higher discontinuation rate due to adverse effects was detected in the adjunctive treatment group than in the placebo group, whose result was the same as that from a previous meta-analysis and a sequential parallel comparison design study (10, 13) . The NNTs for remission and response rates were similar to the previous study, which only analyzed olanzapine, aripiprazole, quetiapine (for remission: 7-14; for response: 7-13) and a similar NNH for the discontinuation rate due to adverse effects (34) . Therefore, we confirmed that AAPs could produce beneficial efficacy for MDD patients.
The new finding of the current study is that we discovered a significant difference in outcomes between long-term (.4 weeks) and short-term (4 weeks) treatment periods. In the previous meta-analysis, patients treated with AAPs were divided into 4-, 6-, 8-, and 12-week duration subgroups, and no heterogeneity was found among them (11) . The obvious disparity between these two studies could be explained by the fact that newly emerged clinical trials included in the current meta-analysis emphasized the recording of short-term outcomes (13, 14) , whereas only one clinical trial did that in the previous meta-analysis. Thus, it is very important to analyze new evidence for the use of AAPs to better understand their efficacy and tolerability.
No significant difference was observed regarding the response rate of AAPs between groups with, or without, sedatives (lorazepam, benzodiazepine and hypnotics). As we all know that the AAP agents are more or less causing sedation, which may be related to the different affinities of the medications for the histamine H 1 receptors (35), we may infer that the role of AAPs in MDD patients results from their sedation properties rather than their antidepressant effect, yet this conclusion needs confirmation from large well-designed studies.
We chose a 4-week duration as short-term treatment on the basis that adjunctive atypical medication would work relatively quickly in 1-2 weeks. The ORR for the 4-week duration treatment subgroup was 1.70 (95%CI=0.98-2.95), showing no statistically significant effect (P=0.06). This was not in line with the fact that most of the primary reports included in this meta-analysis presented a significant decrease in MADRS or HAMD-17 scores as early as 1 week. Also, the previous meta-analysis presented significant differences for the 4-week treatment (OR=2.43, 95%CI=1.01-5.85, P=0.05) (11) . However, the clinical role of the statistical significance of the 4-week treatment is uncertain due to its critical application value. Nonetheless, in terms of the 6-, 8-, and 12-week duration treatment subgroups, the response rates were superior to those of the placebo groups. A variety of reasons may account for the non-significant result for short-term treatment. Firstly, we must consider that the speed of onset is difficult to assess definitively in a clinical trial setting because of the confounding factors of early placebo response (36). Secondly, literature bias may also contribute to the lack of statistical significance in short-term treatment. Finally, some patients who do not respond after 4 weeks of medication may respond after 6-8 weeks of treatment (37) , which is consistent with the results presented in the longterm treatment period, in the current meta-analysis.
For the treatment of MDD, crossover design is suitable because depression is a recurrent disease and 30-day follow-up was the same as 4-week duration treatment conducted in two trials (14, 23) . Moreover, the two phases of the crossover-design trial included in this meta-analysis compared the same drug (13) . We only extracted data from the first phase due to lack of a washout period among the two treatment phases. However, this may reduce the effect produced by the crossover-design analysis.
This meta-analysis, however, has its limitations in that one of the enrolled trials was conducted in Asia (14) , while the others were from Western countries. This situation is likely to discount the representativeness of this metaanalysis and might partly account for the asymmetric funnel plots presented in the discontinuation rate, due to an adverse effect. In addition, as the commonly used method of intention-to-treat --last observation carried forward --ignores whether the participant's condition was improving or deteriorating at the time of dropout and instead freezes outcomes at the value observed before dropout (i.e. last observation), this inappropriately stops any decline in outcome measures and artificially stabilizes disease in dropouts. If there are more dropouts in the treatment group than in the control group, this approach will result in bias, either in favor of the treatment group if severe adverse effects are observed, or sometimes, in favor of the control group if there was no difference in adverse effects between control and treatment groups, whereas a greater proportion of patients in the treatment group have their decline artificially stabilized at an earlier stage of disease (38) .
In summary, our meta-analysis indicated that augmentation of antidepressants with AAPs (olanzapine, quetiapine, aripiprazole, and risperidone) was significantly superior to the placebo treatment in both response and remission rates, but associated with higher discontinuation rates due to an adverse effect.
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